Background: Data on dietary intake and physical activity has been collected from a representative sample of the Danish population from 2003Á2008. Objectives: The aim of the present study was to describe the habitual diet in Denmark and to evaluate the overall diet quality using a diet quality index based on the National Food-Based Dietary Guidelines (FBDG), which consists of seven guidelines regarding diet and one regarding physical activity. Design: Data from the Danish National Survey of Diet and Physical Activity 2003Á2008 (n 03354) were included. The diet quality index was constructed based on five of the seven dietary guidelines. Individuals were categorised according to quartiles of the diet quality index, and food and nutrient intakes were estimated in each of the groups. Results: Macronutrient distribution did not meet recommendations in any of the groups, as energy from total fat and especially saturated fat was too high. A high intake of high-fat milk products, fat on bread and processed meat contributed to a high intake of total fat and saturated fat, and sugar-sweetened soft drinks contributed to a high intake of added sugars in the group below the lowest quartile of the diet quality index. Individuals above in the highest quartile had higher intakes of 'healthy foods' such as fish, fruit and vegetables, rye bread, and also a higher consumption of water and wine. Overall, intakes of micronutrients were sufficient in all groups. Conclusions: The diet quality index is a useful tool in assessing food and nutrient intake in individuals with high vs. low degree of compliance towards the dietary guidelines, and provides a valuable tool in future studies investigating variations in dietary intakes with respect to lifestyle, demographic and regional differences in Denmark.
ating a healthy diet may lead to improved quality of life and increased longevity (1) , and guidelines on healthy eating habits are therefore essential in improving public health. In Denmark food-based dietary guidelines (FBDG) have existed since 1970'ties, and have undergone minor revisions during the past decades (2) . They serve as instruments in coordinating public health messages related to diet and lifestyle, and consist in the present form of eight guidelines, seven on diet and one on physical activity (Table 1 ). The FBDG are based on the Nordic Nutrition Recommendations 2004 (NNR) (3) and on literature studies on food intake and health. However, FBDG will only be beneficial for public health if they are followed by the population. Evaluation of the overall diet quality regarding food and nutrient intake of the population based on the compliance towards FBDG will give more insight in the public health status, and may provide valuable knowledge in developing and communicating dietary guidelines in the future.
It has previously been reported that only 3% follow the guidelines regarding intake of foods rich in saturated fat and fibre in Denmark (4) , indicating that compliance towards FBDG is low. However, evaluating compliance with each of the guidelines separately does not illustrate (page number not for citation purpose) the overall quality of the diet. One approach in evaluating overall diet quality is to rank individuals according to how they score on a diet quality index created on the basis of the FBDG. The approach of creating an index has been applied in previous studies (4Á10), and deals with the complexity in the diet in contrast to exploring single foods and nutrients (11) . Using such an approach enables a description and evaluation of the food and nutrient intake in groups of individuals with diets more or less in compliance with the FBDG, respectively.
In order to monitor compliance with the FBDG, dietary intake should be assessed at the population level. The Danish National Survey of Diet and Physical Activity is an ongoing, nation-wide, representative survey with the aim of monitoring status, trends and variations in dietary intake and physical activity in Denmark, as well as lifestyle factors and attitudes towards and determinants of dietary habits. The data collected in this survey thus provide a unique opportunity to evaluate overall diet quality and compliance with the FBDG in a representative sample of the adult Danish population.
The aims of this study were to develop a diet quality index based on the FBDG, and to evaluate the quality of the diet in a representative sample of the population by use of the diet quality index.
Methods
The study was based on data from the Danish National Survey of Diet and Physical Activity which comprises data on diet and physical activity in a representative sample of the Danish population. Furthermore, anthropometric, lifestyle and demographic data were available. Data were collected from 2003Á2008, and include dietary as well as background information from 4,431 participants aged 4Á75 years (12) . Only data on the adult population (18Á75 years) were included in this study, comprising 3,354 individuals, 1,569 males and 1,785 females.
Dietary intake was estimated by means of a pre-coded food diary completed by the participants for seven consecutive days. The food diary was structured as a typical Danish diet comprising breakfast, lunch, dinner and three snack meals with pre-coded lines of the most commonly eaten foods and drinks, and for each of the meals participants had the opportunity to write additional food and drink items not included in the pre-coded food diary. Portion sizes were estimated using household measures (cups, glasses, etc.), and 12 series of photographs with varying portion sizes of commonly eaten foods. Mean and median intakes of foods, macro-and micronutrients were calculated by use of the software system GIES developed at the National Food Institute including standard recipes, information of portion sizes and data from the Danish Food Composition Database (www.foodcomp.dk) as described previously (13) . The pre-coded food diary has been validated against an objective measure of total energy expenditure (ActiReg † , PreMed AS, Olso, Norway), and was found valid in estimating total energy intake, although mean intake of total energy intake was underestimated by 12% among adults (13, 14) . Furthermore, a relative validation study showed moderate to good agreement between intakes reported in the pre-coded food diary and a weighed food record, both completed for four consecutive days, and showed that the food diary was able to rank individuals according to high and low intake of nutrients and food groups (15) .
To evaluate the overall quality of the diet a diet quality index based on the FBDG's relating to dietary intake was developed. Cut-off values for reducing total fat, saturated fat and added sugar were applied. Following nutrients/ foods were included in the index ( Table 1) : Contribution of energy from total fat (max 30%), contribution of energy from saturated fat (max 10%), energy from added sugar (max 10%), intake of potatoes, rice, pasta and wholemeal bread (min 500 g/day), intake of fruit and vegetables (min 600 g/day), and intake of fish (min 200 g/week). Added sugar consists of industrially added sugar and sugar added in cooking or at the table, and thus includes sugar in candy, bakery and soft drinks. The two dietary guidelines 'Eat a varied diet and maintain a healthy body weight' and 'Drink water when you are thirsty' were not included in the index due to the somewhat non-measurable nature of these guidelines. The diet quality index Á adapted from (8, 16) Á was constructed as follows: for each individual, a dietary score was calculated for each of the six nutrients/foods groups as the ratios between the actual intake and the recommended intake of the certain nutrient or food, e.g. if an individual eats 500 g fruit and vegetables per day, the score is 500/60000.83. For foods/nutrient with an upper limit of recommended intake the score was calculated as 1-[(intake-recommended)/recommended], thus for an individual with an intake of 37% energy from total fat the score was calculated as 1-[37/30] 00.77. In individuals with intakes exceeding the cut-off values the individual was assigned the maximum score value of 1, and no further nutritional value was added to the score. The score for each of the items included thus ranged from 0 to 1, with zero assigned to the intake of a food or nutrient most far from the dietary guideline, and one for the intake complying with the guideline. The scores of the six foods and nutrients were summed to a total score with 0 as minimum and six as maximum score. To distinguish individuals close to following the dietary guidelines and those with less healthy diets, all individuals were afterwards categorised according to quartiles of score, and the two intermediary groups were combined, resulting in three groups in total. The reason for the intermediary group being twice as big as the two other groups is to get an appropriate range in scores as well as intakes in all three groups, as it is assumed that most of the individuals are centred in the middle of the score range, with fewer observations in the very low and very high end of the scale.
Intakes of foods and nutrients in each of the three groups of diet index were estimated. Mean and standard deviations were calculated for intakes of nutrients, and median as well as 25 and 75 percentiles were calculated for intakes of foods and food groups, due to the right skewed distribution of these. Trend test were performed using chi square test (Type III) with group of diet index included as continuous variable. Results were considered statistically significant at pB0.05. All data manipulation and statistical analysis were carried out in SAS Enterprise Guide version 4.1 (17) .
Results
Characteristics of the populations in the three groups defined by the total score of the diet quality index are presented in Table 2 . Diet quality index score ranged from 1.2 to 6, with a mean in the whole sample of 4.0, and 2.8, 4.1 and 5.2 in each of the three groups. Age as well as proportion of females increased slightly with increasing score, and women had a higher mean score compared to men (4.2 vs. 3.8). No difference in body mass index (BMI) was seen between the groups. There was an increasing proportion of under-reporters, assessed as ratio of reported energy intake to basal metabolic rate (EI:BMR) less than 1.1 (18) , with higher diet score.
Mean intakes of total energy intake, distributions of macronutrients and intakes of micronutrients in each of the three groups of diet quality index for both men and women are presented in Table 3 . As expected, total energy intake and energy from fat decreased with increasing score, while energy from carbohydrate and protein increased with increasing score, as the proportion of energy from the three macronutrients are correlated. Only in the highest group among the women the recommended intake of energy from fat of maximum 30% was reached. Protein intake was close to recommended in all three groups in both genders, while wider variations were seen in contribution of carbohydrate (46 to 53 E%). Both saturated and monounsaturated fat decreased with increasing score, while no clear trend was seen for polyunsaturated fat. For all micronutrients increasing intakes were seen with increasing score. This was especially pronounced for vitamin C and folate. Analysing the data exclusive energy under-reporters resulted, as expected, in a higher total energy intake, but the distributions of macronutrients were the same as when analysing the total group. There was a slightly higher proportion of female under-reporters in the lowest group of diet score, but in general no gender difference was seen regarding under-reporting.
Median intakes (and 25 and 75 percentiles) of selected foods and food groups in men and women are presented in Table 4 . Overall men had a higher intake of high fat dairy product compared to women, while women had higher intake of low fat dairy. However, in both genders, intake of high fat dairy products decreased with increasing score, while intake of low-fat dairy products increased with increasing score. Intakes of red meat, processed meat and white bread were highest in the lowest quartile of diet score, while intakes of fish, poultry and rye bread and wholemeal bread were highest in the highest quartile. As expected from the construction of the index, intakes fish and of fruits and vegetables increased with increasing score. Individuals in the highest quartile had higher intakes of wine, while individuals in the lowest quartile had highest intakes of beer and soft drinks. Small reductions were seen in intake of potatoes with increasing score, while there was no clear trend regarding intakes of cheese, rice and pasta in the three groups.
Discussion
In this study the habitual diet of a representative sample of the Danish adult population was presented. Furthermore, a diet quality index was developed based the national FBDG in order to evaluate the overall quality of the diet regarding both intakes of foods and nutrients.
Overall the results from the present study indicate that there is room for improvement regarding macronutrient distribution in the diet of the Danish population. Mean energy contribution from fat of max 30 E% was obtained only in the highest quartile in the women, and in none of the groups, saturated fat E% of maximum 10% was reached. The decrease in energy contribution from fat with increasing score was mainly reflected in the carbohydrate intake, while contribution of energy from protein did not vary markedly between the groups. For both men and women intake of dietary fibre was sufficient only in the highest group, while intake of added sugar was too high in the lowest group. Only in the highest quartile the median fish intake was close to the recommended level (28 g/day corresponding to 196 g/week). Women had a higher intake of fruit than men, but median intake of fruit and vegetables did not reach the recommended level in any of the groups. In general, compliance with the FBDG was low, as has also been reported in other countries (19Á21).
The highest proportion of under-reporters was detected in the group with the highest diet score, i.e. the group of individuals with diets closest to the FBDG. Winkvist et al. (22) found a higher degree of underreporting among individuals classified as having healthy eating patterns ('fruit and vegetables' pattern), and explained the higher proportion of under-reporting with an accompanying higher degree of overweight in this group. As we found no difference in mean BMI in the three groups of diet score, this explanation cannot be applied to our results. When analyzing the data excluding the under-reporters, total energy intake was, as expected slightly higher, but distribution of macronutrients were similar as when analyzing the whole group.
Total energy intake decreased with increasing diet quality score. This is opposite to what was reported by Thiele (8) , who explained the higher energy intake with increasing score with the fact that the more food an individual eats (and thereby total energy intake), the more likely the individual is in reaching the recommended intake levels for a number of nutrients. As the focus in the present study was assessment of the quality and not the quantity of the diet, the index was constructed on basis of energy-adjusted intakes, which can explain the opposite findings. In addition, we found increasing nutrient density with increasing score, indicating that following the dietary guidelines will lead to a more nutrient-dense diet, which has also been found in a study using a diet index to investigate the risk of major chronic diseases (23) . The increase was particularly seen in vitamin C and folate probably due to the higher intake of fruit and vegetables, which are elements in the index. Regarding intake of Vitamin D, all three groups had a mean intake below 7.5 mcg/day, which is the recommended intake by NNR. However, the mean intake in the group with the highest score was (6.0 mcg/day), which is close to the recommended intake. Iron intake increased with increasing score, but the mean intake in women was however below recommended level for women of childbearing age in all the groups (15 mg/day), so even when having a diet closest to the FBDG women of childbearing age may still be a group at risk of insufficient intakes of iron. Mean iron intake was above the recommended level for men.
Differences in intakes of food groups may give more insight into which food groups are selected by individuals with better or poorer diet quality respectively. Increasing intakes of 'healthy foods', such as low-fat dairy products, fish, poultry, rye bread, fruit and vegetables were detected with higher scores. In addition, intakes of less healthy food groups, such as high-fat dairy products, red and processed meat, white bread, soft drinks, sweets and cakes decreased with increasing scores. Furthermore, the intake of low-fat milk products is lowest in this group, indicating a shift in milk habits from high fat to low fat across the index, as was also found in a study of UK consumers (24) . Intake of added sugar was high in the lowest group, which is expressed by the higher intake of sugar-sweetened soft drinks in the lowest group, which in addition has the lowest intake of water, suggesting that water may be replaced with less healthy alternatives. Wine intake is highest in the high group of index score, while consumption of beer is highest in the low group of index score. These results are in line with previous studies of associations between dietary intake and alcohol consumption in Danes, where wine consumption was associated with higher intake of fish, fruit and vegetables, and olive oil (25) . One of the FBDG's is 'Drink water when you are thirsty'. This guideline was not included in the diet quality index, but nevertheless intake of water increased with increasing score, indicating a more healthy lifestyle and higher probability of following the dietary guidelines. The increasing intake of healthy foods with increasing score has also been described by others (5, 26) . The findings may contribute to the knowledge on which food items are related to healthy eating habits, and may be a useful tool in communicating messages on healthy diet habits.
The construction of the diet quality index results in a score reflecting compliance towards the FBDG, and thus allows the total score to represent the degree to which the individuals meet the FBDG, as it may be relevant to distinguish between individuals with intakes near the cutoff values and those with intakes far from the FBDG (27) . One potential problem in creating an index from several intakes of nutrients and foods is that intakes are internally correlated, e.g. an individual having a high intake of saturated fat is also likely to have a high intake of total fat. Likewise, individuals eating a diet rich in fruit and vegetables are more likely to have lower intakes of fat, than individuals eating less fruit and vegetables. However, one of the purposes of this study was to evaluate the diet quality in Danish adults in relation to the FBDG, which comprise advices on reducing both total fat intake and intake of foods rich in saturated fat, as well as other foods/nutrients that are likely to be correlated, justifying inclusion of several correlated foods and nutrients in the diet quality index. Also some researchers add weights to the items included in their diet indices according to their expected health effect, but as the purpose of this study was to evaluate the overall diet quality based on the FBDG and not the potential health effect of the individual guidelines all included items were weighted equally.
Despite having had FBDG for more than 30 years, a substantial proportion of the population had a diet quality that did not reflect the guidelines. As Denmark is experiencing an increase in the prevalence of overweight and obesity (28Á30), one approach in improving public health may be an increased effort to increase the compliance towards the FBDG. One approach is to increase the knowledge to and awareness on the FBDG, which are both prerequisites in a successful nutrition intervention. In the present study eating a diet with a high diet quality index, i.e. following the FBDG was associated with increasing age and being female. The finding that some groups may be more susceptible in the distribution of nutrition messages has also been described in other studies on diet quality assessment (4, 8, 31, 32) , and suggest more focus to potentially vulnerable groups in nutritional education.
A major strength of this study is that data were collected throughout the country covering a wide age range of adults, providing a description of dietary intake in all areas of Denmark, and thus not restricted to certain areas or rates of urbanisation. A limitation of the study is the participation rate of approximately 50% raising the question of representativeness of the study sample. Results from earlier analyses indicated that the sample was representative of the Danish population with respect to education; however, the younger men were slightly under-represented (12) . Under-representation may potentially lead to selection bias, as non-participants in dietary studies are likely to eat a diet that differs from the diet of participants (33) . If non-participants are expected to have a diet that to a lesser degree comply with FBDG, this would lead to a greater variation in dietary intake in the highest vs. the lowest group of diet index, i.e. the variation in healthy and less healthy food between the groups would have been even more pronounced.
Conclusion
The diet quality index developed in this study has shown to be valuable in evaluating the dietary quality in relation to the national dietary guidelines. Distribution of macronutrients leaves room for improvement, while intakes of micronutrient were generally sufficient in all ranges of the score, except vitamin D, and iron in women of childbearing age. Furthermore, the diet quality index may be a useful tool in future studies investigating variations in dietary intakes with respect to lifestyle factors, and attitudes towards healthy eating, socio-demographic and regional differences in Denmark (34) .
